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I. I N T R O D U C T I O N
A n u m b e r  of phenolog ica l  studies have been carr ied  ou t  on spiders o f  
the  genus Pardosa ( W i e b e s ,  1960; V l i j m  &  K e s s l e r - G e s c h i e r e ,  1967). 
T hese  wolf  spiders (F. Lycosidae) are terres tr ia l  carnivores w hich  do 
no t  build  webs to ca tch  the ir  p rey  a n d  which  are active d u r in g  the day  
on the  g ro u n d  surface a n d  vegeta tion .  M u c h  ecological d a ta  for the 
g ro u p  have  been collected by h a n d  sam pling  or pitfall t rap p in g .  As 
y o unger  instars are less read i ly  cau g h t  in pitfall t raps  th a n  the sexually 
m a tu re  spiders, the  ecology of  the la t te r  ind iv idua ls  is be t te r  known.
Soon after cour tsh ip  a n d  m a t in g  the females p ro d u ce  a cocoon 
(egg sac) w hich  they  ca r ry  a t ta c h e d  to the ir  sp innerets  un t i l  the spider- 
lings emerge.  V l i j m  &  R i c i - i t e r  (1966) d em o n s t ra ted  th a t  ad u l t  males 
o f  Pardosa lugubris exh ib i t  increased  locom otory  activ ity  d u r in g  the  t ime 
th a t  the females are ca r ry in g  cocoons. V l i j m  &  K e s s l e r - G e s c h i e r e  
(1967) suggested th a t  the increased locom otory  activ ity  d u r in g  this 
pe r iod  m ay  increase the chances of  virgin females be ing  fertilized. 
These  v irg in  females, after the m a in  per iod  of  rep ro d u c t ion ,  would  be 
found  in sub-op t im al  areas where  the spider density  is low, an d  a 
m ig ra t io n  of  males into these hab i ta ts  m a y  result in a p re d o m in a n c e  
o f  females in  the preferred  hab i ta ts ,  as was found by H e y d e m a n n  
(1960 a,b) for several sp ider  species.
T h e  increase o f  the m ale  locom otory  b eh av io u r  m a y  be in h e ren t  to 
the age o f  the males. I t  seems also possible, however,  th a t  its occurrence  
is re la ted  to the cocoon ca rry ing  phase  of  the  females life, i.e., males
m ay  respond differently to females w ith  an  egg sac th an  they do to
unferti l ized females.
In  an  a t t e m p t  to d iscr im ina te  be tw een  these possibilities a n d ,  albeit
in an  ind irec t  way, to e luc idate  the increased locom otory  activity ,
a s tudy  was m a d e  on the behav iou r  of males of P. amentata a t
0
different stages of the ir  ad u l t  life tow ards  fertilized a n d  unferti l izedO
females.
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II. M A T E R I A L S  A N D  M E T H O D S
O n  26 April  1966, just before the final m ou l t  occurred ,  specimens of 
Pardosa amentata were collected by h a n d ,  from beside a ditch ,  in the 
n e ig h b o u rh o o d  o f  A m ste rd am .  O f  these spiders (167 su b a d u l t  males 
an d  157 su b ad u l t  females) ab o u t  6 0 %  h ad  a l ready  m oulted  to ad u l t  by 
28 April.  These  an im als  were d iv ided  into three  groups (A, B a n d  C) 
each  consisting of 25 males a n d  25 females. E ach  g rou p  was kept in a 
glass con ta ine r  (60 x  30 x  30 cm) on a layer of  moist sand. T h e  air  
t e m p e ra tu re  d u r in g  the day  was 24°-26  C. L igh t  was given daily  from 
7.30 hr  un ti l  1 7.30 hr.
G ro u p  A was used as the ex p e r im en ta l  g roup .  A ny  d e a d  or m u t i la te d  
sp ider  o f  this g roup  was rep laced  by a hea l thy  one from g ro u p  B. 
Spiders  rem oved  from g ro u p  B were rep laced  from  group  C. M ost of 
the females construc ted  a cocoon on the 8 th or 9th day  after m oult ing ,  
a n d  the spiderlings em erged  26-28  days after m oult ing .  Fem ales  w hich  
were  r e ta rd e d  in the ir  deve lo p m en t  or w hich  h ad  lost the ir  cocoons 
p rem a tu re ly ,  were also rep laced  from g ro u p  B a n d  C.
T h e  exper im en ts  were s tar ted  w ith in  one day  after the final m ou l t  
and ,  w ith  one exception, were finished 30 days af terwards ,  w hen  the 
n u m b e r  of  n o n -m u ti la ted  males in g ro u p  A had  d ro p p e d  below 25. 
D u r in g  the exper im en ts  the spiders of g ro u p  A were d iv ided  into 
25 pairs ;  no special care was given to the choice of the pairs. Each  p a i r  
was p u t  into a glass box ( 1 6 x 8 x 6  cm),  the bo t tom  of w hich  was 
covered with  moist sand .  These  boxes were ch an g ed  daily. T h e y  were 
p laced  u n d e r  a h ea t in g  lam p  w hich  p ro d u ced  a surface te m p e ra tu re  of 
28°-30° C. As the preferred  te m p e ra tu re  of  adu lts  o f  P. amentata is a b o u t
30 C ( V l i j m ,  K e s s l e r  & R i c h t e r ,  1963) cour tsh ip  starts read ily  
u n d e r  these conditions.
At 9.00 h r  the pairs  o f  spiders were acc l im atized  for one hou r  to the 
ex p e r im en ta l  conditions. T h e  ex p e r im en ta l  period, s ta r t ing  at 10.00 hr, 
lasted four to six hours per  day. D u r in g  the first 20 m inu tes  of each hou r  
(the observation  period) the b eh av io u r  of each of the males was re ­
corded  every 30 secs, the observation  t im e be ing  1 sec. per  an im al .  
T h u s  1000 observations were m ad e  every hour,  each of  w h ich  was
expressed as a symbol reflecting the b ehav iou r  of a male  a t  the t ime of 
observation .
T h e  b ehav iou r  of  the males was classified in the following categories 
(the symbols referring to each  category, as used in the illustrations, are 
in d ica ted  in parenthesis)  :
A. B ehav iour  d irec ted  tow ards  females:
1. cour tsh ip  a n d  search ing  b eh av io u r  (c, Fig. 1A) : this b eh av io u r  o f  
P. amentata has been described in deta il  by S c h m i d t  (1957), by 
V l i j m ,  K e s s l e r  & R i c h t e r  (1963), by V l i j m  & D i j k s t r a  (1966) 
a n d  by D i j k s t r a  (1970);
2 . m a t in g  (m) ;
3. a p p ro a c h  w ith o u t  d isplay (a) : males a p p ro a c h  females in a r a th e r  
“s tea l thy” way, w i thou t  cour tsh ip  display. T h e  a b d o m e n ,  c o n t r a ­
ry to a p p ro a c h  with  display, is held nea r  the g round  (Fig. IB). 
T h is  leads to a s i tua t ion  where  the male  is touch ing  the female 
w ith  his front legs (see also D i j k s t r a ,  1970).
B. U n d ire c te d  b eh av io u r  (behav iou r  not d irec ted  tow ards  females) :
1 . s i t t ing (j-) ;
2 . w a lk ing :  und irec ted  locom otory  activity  (w ).
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Fig. 1. The position of the body of males of Pardosa amentata during “courtship” (A)
and “approach without display” (B).
T h e  n u m b e r  of  times each symbol was no ted  per  1000 observations was 
coun ted ,  an d  the  ratios o b ta in ed  in this w ay were expressed as p e r ­
centages. These  percentages  are taken as measures of the t ime spent on 
the different types of  b ehav iou r  d u r in g  the observation  period.
P re l im in a ry  exper im ents  revealed th a t  the behav iou ra l  c h a ra c te r ­
istics are u n c h a n g e d  d u r in g  the day, a t  least from 10.00-16.00 hr, 
u n d e r  the  ex per im en ta l  condit ions.
In  the first ex p e r im en t  the b ehav iou r  of males tow ards  females,
w hich  h ad  m oulted  a t  the sam e t im e as the males, was recorded .  In  
this exper im en t  the  locom otory  activity  (“ w a lk in g ” ) of  the females was 
also recorded, in the same w ay  as for the males. In  a fu r the r  scries of 
exper im ents  the b eh av io u r  of males tow ards  “s t a n d a r d ” females was 
analysed. T w o  types of  females were used as s tan d a rd s :  females 6 -9  
days after m ou l t ing  to a d u l t  w h ich  were not  ca r ry ing  cocoons, an d  
older females w h ich  were ca rry ing  cocoons. T h e  la t te r  were the sam e 
an im als  as used in the first exper im en t .  Females  of  6 -9  days old were 
derived from a stock of  su b ad u l t  females collected on 26 April  a n d  kept 
in the d a rk  a t  10° C, in o rde r  to postpone the final moult .  W h e n  p u t  
in to  glass con ta iners  u n d e r  the condit ions described above, they  
m oul ted  to a d u l t  w ith in  two days. No difference in  the  b eh av io u r  of 
these females, as a consequence of this p rocedure ,  was observed.
III. R E S U L T S  AND C O N C L U S IO N S
1 . Behaviour o f males towards females o f the same age, during the first 30 days
after the final moult.
O n  16 days, over a per iod  of m ore  th a n  four weeks, s ta r t ing  on the first 
d ay  after m oult ing ,  the b eh av io u r  of  the an im als  of  g ro u p  A  was tested. 
T h e  behav iou r  was reco rded  d u r in g  a period  of  5 hours  on each  day,
i.e., a total of  5000 observations pe r  day. T h e  percentages ,  reflecting 
the  to tal  t im e spent on courtsh ip ,  a p p ro a c h  w ith o u t  display, m a t ing ,  
s i t t ing an d  w alk ing  by the males, are  ind ica ted  in Fig. 2A,B.
T im e  spent on “c o u r tsh ip ” increased  d u r in g  the first 9 days, was 
m ax im a l  one d ay  before the  females cons truc ted  the ir  cocoons, an d  
th en  decreased to a r a th e r  cons tan t  level d u r in g  the period  the females 
ca r r ied  cocoons. A second increase occurred  a t  the end of  the exper i­
m en ta l  period, after the em ergence  of  the spiderlings. F ro m  in c iden ta l  
observations it a p p e a re d  th a t  this period  of  e n h a n c e d  cour tsh ip  activity 
is co n t in u ed  un t i l  the  females construc t  a second cocoon.
“ M a t i n g ” was m ax im a l  one d a y  before cocoon construc t ion  a n d  
decreased thereafter .  “A p p ro ac h  w i th o u t  d isp lay ” was low d u r in g  the 
first p a r t  o f  the  ex p e r im en ta l  per iod ,  b u t  increased  after cocoon con­
struction.  T h e  level was fairly cons tan t  d u r in g  the  period  in which the 
females carr ied  cocoons. “ S i t t in g ” decreased g rad u a l ly  un ti l  ju s t  before 
cocoon construction ,  after w h ich  there  was an  increase, sudden  a t  first, 
up  un ti l  the spiderlings em erged  (ab o u t  28 days after m oult ing) .  
“W a lk in g ” increased rap id ly  in the  first days to a r a th e r  cons tan t  level, 
show ing  a slight decrease a ro u n d  the t ime of  cocoon form ation .
I t  was considered th a t  “ und irec ted  b e h a v io u r” of the  males m ig h t  be 
affected by the locom otory  activity  of the females. Fem ale  locom otory
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Fig. 2. Time (mean percentages of 5 observation periods per day) spent by specimens 
of Pardosa amentata, during the first weeks after the final moult, on different categories 
of behaviour. A: Behaviour of males directed towards females (the line indicates the 
total percentage of these categories); B : Undirected behaviour of the males (the line 
indicates the total percentage of these categories); C: The percentage of time spent 
on walking by the females. The period during which the females carry their cocoons 
is indicated {cocoons). The vertical bars indicate the range of the percentages of the
5 observation periods of which the means are also indicated (dots).
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activ ity  (equ iva len t  to “w a lk in g ” in males) is in d ica ted  in Fig. 2C. It  in ­
creased up  to the t ime of  cocoon construc t ion  after which  a decrease 
occurred  up  unti l  the spiderlings em erged ,  w hen  a second increase 
occurred .
T h e  ex p e r im en t  indicates  th a t  the degree of  “ u n d i r e c te d ” an d  “d i ­
r e c te d ” b eh av io u r  in males changes  with  time.
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2. Behaviour o f males towards standard females.
T o  test w h e th e r  the changes in behav iour ,  as observed in the first 
exper im en t ,  were due  to the  stage in the rep ro d u c t iv e  cycle of  the 
females or to the age of  the males, males of  d ifferent  ages were tested 
aga ins t  s t a n d a rd  females.
a. O n  the 8th, 17th, 27th, a n d  34th days after the final m oult  the 
b ehav iou r  of the males of  g roup  A was tested tow ards  females which  h ad  
m ou l ted  to ad u l t  6 -9  days previously. Females  of  this age were p r e ­
ferred because in ex p e r im en t  1 the highest cour tsh ip  a n d  m a t in g  rates 
were shown a few days before cocoon construct ion ,  w h ich  no rm al ly  
takes place 8 -9  days after the  final moult .
T h e  results, reg a rd in g  d irec ted  behav iou r ,  are p resen ted  in T a b le  I. 
O n ly  small differences were found in “co u r tsh ip ” of  males a t  8 , 17 an d
27 days alter  the final moult .  A t the 34th days “c o u r tsh ip ” was m a rk e d ­
ly reduced .  T h is  reduc t ion  m a y  be due  to senescence of  the males. T h e  
rise of “s i t t ing” is in acco rdance  with  this supposition. A t this t ime of 
the  exper im ents  only 23 of  the 75 males h a d  survived. “ M a t in g ” was 
low except in the g ro u p  of  8 days old males.
T A B L E  I
The levels of “courtship” (c), “approach without display” (a), “mating” (m), 
“walking” (w) and “sitting” (s) of males of Pardosa amentata at different days after 
the final moult towards standard females without cocoons (6-9 days after the final 
moult). The data are the mean percentages obtained in 5 observation periods per day.
categories o : 8 days o .• 17 days O • 27 days <$: 34 days
$ : 7 days ? : 7 days 9 : 7-8 days $ : 6-9 days
c 49.2 45.3 42.1 18.7
a 2.4 1.7 1.5 1.2
m 7.3 0.2 2.1 1.1
w 14.7 19.5 19.0 18.3
s 26.4 33.3 35.3 60.7
b. 24 days after m oult ing ,  the behav iou r  of males of  g roup  A, to ­
w ards  females w i th o u t  cocoons a n d  females ca r ry ing  cocoons, was 
tested. After be ing  tested w ith  a female of  6 -9  days old for three  obser­
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vation  periods, the  males were im m ed ia te ly  thereaf ter  confronted  with 
cocoon ca rry ing  females for a n o th e r  series o f  three  observation  periods. 
T h e  results are given in T a b le  I I .  “ C o u r t s h ip ” values were h igh to ­
w ards  the unferti l ized females an d  low tow ards  cocoon-carry ing  females, 
w hereas  the reverse was true  for “ a p p ro a c h  w ithou t  d isp lay ’'. W h en  the 
ex p e r im en t  was repea ted ,  using the males of g roup  B, an d  modified by 
p resen t ing  the females in the reverse order ,  the same conclusions could 
be d ra w n .
T A B L E  II
The levels of “courtship” (c), “approach without display” (a), “mating” (m), 
“sitting” (j) 3 and “walking” (w) of males o { Par do sa amerítala, 24 days after the final 
moult, towards females without cocoons X ? — c) and towards females carrying 
cocoons (c? X $ +  c). The data represent the mean percentages obtained in
3 observation periods for each pair.
categories 6 x ? -  c <S x ? +  £
c 35.5 22.9
a 4.0 11.9
m 2.2
w 18.7 20.3
s 39.6 44.9
T h e  results p resen ted  in sections a a n d  b s trongly suggest th a t  the 
b eh av io u r  o f  males tow ards  females, a t  least d u r in g  the  first four weeks 
of  the a d u l t  stage, largely  depends  on the stage of  the rep roduc t ive  cycle 
of  the females.
c. I t  is possible th a t  the g rea te r  locom otory  activ ity  of the males in 
the field a t  the  t im e w hen  most females are fertilized a n d  are ca rry ing  
cocoons m ay  be due  to the fact th a t  males exh ib i t  d u r in g  this period 
less d irec ted  activ ity  tow ards  females. T o  s tudy  the va l id i ty  of this 
hypothesis ,  the b ehav iou r  of  the males of  g ro u p  A was tested, a t  days
1 1 , 18 a n d  2 2 , tow ards  bo th  types of  s ta n d a rd  females presented  
s im ultaneously .  T h e  d irec ted  b eh av io u r  of  the males was recorded  in a 
slightly modified w ay :  it was no ted  w h e th e r  “co u r tsh ip ” , “ m a t in g ” or 
“ a p p ro a c h  w i th o u t  d isp lay ” was d irec ted  tow ards  the female w i thou t  
cocoon or to the cocoon ca rry ing  female. T h e  percen tages  of d irec ted  
b eh av io u r  (the m ea n  of  five observa tion  periods for each  day) are 
presented  in Fig. 3. T h e  results ind ica te  th a t  there  was no difference in 
the to tal  t im e spent by males on d irec ted  b eh av io u r  tow ards  females 
w ith  or w i th o u t  cocoons. H ow ever ,  as in the previous experiments ,  
most o f  the b eh av io u r  d irec ted  tow ards  females w i th o u t  cocoons was 
“c o u r tsh ip ” a n d  tow ards  cocoon ca rry ing  females “a p p ro a c h  w ithou t  
d isp lay” .
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1 1 th da y  i8thd a y  2 2 nd day
Fig. 3. Time spent by males ot  Pardosa amenlata at 3 different days on “courtship” -f- 
“mating” (c -f “approach without display” (a) and total time spent on directed 
behaviour (a +  c m) towards females with and without cocoons, presented at the 
same time. The data are the mean percentages of 5 observations per day. Hatched 
bars: behaviour directed towards the females without cocoons; open bars: behaviour
directed towards females with cocoons.
25n
c+m
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IV. D I S C U S S I O N
In  the In t ro d u c t io n  it was suggested th a t  the  increased  locom otory  
activity  exh ib i ted  by males of  several Pardosa species after the  m a in  
period of copula t ion ,  observed in the la b o ra to ry  ( V l i j m  &  R i c h t e r ,  
1966) a n d  in the field ( V l i j m  & K e s s l e r - G e s c i i i e r e ,  1967), m igh t  be 
due  to d ifferent reactions of  the males tow ards  fertilized a n d  u n ­
fertilized females. F ro m  the exper im ents  p resen ted  in this p a p e r  it 
appea rs  th a t  males do indeed  behave  differently  to females d e p en d in g  
on the  phase in the rep roduc t ive  cycle of the la tter .  M ales  showed m ore  
“courtsh ip"  tow ards  a n d  m a ted  m ore  f requen tly  w ith  females w i th o u t  
a cocoon, whereas  they  spent m ore  t ime on “ a p p ro a c h  w i th o u t  d isp lay” 
tow ards  females ca rry ing  a cocoon. H ow ever ,  from the last ex p e r im en t  
it appears  th a t  males do not show a preference for unferti l ized females 
w hen  confronted w ith  the two types s imultaneously .  T h e  males spent
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the  same t im e on each  type. Therefore ,  the  increased  locom otory  
ac t iv i ty  observed  in the  field is p ro b a b ly  no t  re la ted  to the b eh av io u ra l  
differences observed.
T h e  level of und irec ted  b eh av io u r  [i.e., “w alk ing  ’’a n d  “s i t t ing” ) in 
males d u r in g  the first four weeks after m o u l t  was r a th e r  constan t .  T h e  
absence of  increased locom otory  activ ity  in the  presence of  females 
w ith  cocoons is p ro b a b ly  a consequence o f  the exper im en ta l  set-up. 
T h e  test boxes were relatively small ( 1 6 x 8  cm ).  In  this s i tua t ion  the 
male  can  only walk a short  d is tance  before m ee t ing  a female. In  the 
field, as well as in the  large ex per im en ta l  box used by V l i j m  & R i c h t e r  
(1966), the s i tua t ion  is clearly very different in this respect. Therefore ,  
in  ou r  exper im ents  “und irec ted  b e h a v io u r” m a y  tend  to be u n d e r ­
represen ted .
In  the  exper im ents  described  it is likely th a t  optica l  st imuli were 
most im p o r ta n t  w ith  rega rd  to the behav iou r  of  the male. U n d e r  
n a tu ra l  condit ions o ther  stimuli m ay  be o f  relatively g rea te r  im por tance .  
U n d i re c te d  locom otory  activity  in the field p re su m ab ly  ends w henever
( 7 ) a female is seen or (2 ) some o ther  stimulus is received from a female. 
Fem ales  w ith  cocoons exh ib i t  less locom otory  activity  th a n  females 
w i th o u t  cocoons. Spiders respond  m ore  to motile  objects th a n  to static 
ones ( D z m i r s k y ,  1959). H ence ,  males receive less optica l  st imuli from 
females w ith  egg sacs. Fem ales  o f  P. amentata do no t  p ro d u ce  silk 
th read s  w hen  they  ca r ry  a cocoon ( R i c h t e r ,  1970), while  females 
w i th o u t  cocoons p roduce  a special type of  silk ( R i c h t e r  &  S t o l t i n g ,  
in  p re p a ra t io n ) ,  w hich  serves as a s t imulus for males. S im ilar  obser­
vations were repo r ted  by E n g e l h a r d t  (1964) in Trochosa species. T hus ,  
females ca rry ing  cocoons will also provide  less chem ica l  stimuli  t h a n  
females w i th o u t  cocoons. T h e re  is therefore considerable  evidence th a t  
the  increased  locom otory  activity  in Pardosa males, after the  m a in  
per iod  of  copu la t ion ,  is corre la ted  w ith  the fact th a t  most females in 
this period, in the  op t im al  hab i ta ts ,  p resen t  very few stimuli  for the 
males. Therefore ,  d u r in g  this period, the chances o f  the  unferti l ized 
females to m eet  males will be increased.
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